A vacuole-formation substance, cereulide of Bncillus cereus, is an emetic toxin in animals. Both oral administration and intraperitoneal injection of cereuiide caused dose-dependent emesis in Suncus murinus, a new animal model of emesis.
Introduction
Because of the difficulty of the purification and the fact that the only assay method is oral challenge in primates [l] , the emetic toxin of B. cereus has been only poorly studied. Hughes et al. [2] have recently demonstrated that the vacuole response in the HEp-2 cells caused by the supernatant of B. cereus strain is correlated with emetic toxin activity. Szabo et al. [3] also noted that the vacuole formations were observed in Int 407 and HEp-2 cells when the culture filtrate of B. cereUS 4810/72, a strain producing the emetic toxin, were mixed with these * Corresponding author: Tel: +81 (52) 841.1511; Fax +81 (52) 841-1514. cells. Recently we found that a HEp-2 cell-vacuolation factor of B. cereus, named cereulide, is a dodecadepsipeptide [4, 5] . In this study, we examined the emetic effects of cereulide in Suncus murinus, a new animal model of emesis [6, 7] .
Materials and methods

Animals
Healthy male adult suncus weighing 50-70 g were purchased from Charles River Japan, Inc. (Yokohama, Japan). Each animal was put into a separate cage, and bred under a 12-h light/lZh dark cycle with free access to food and water ad libitum prior to being used in the study. 
Emetic experiment
Oral administrations and intraperitoneal injections of cereulide were performed under light ether anesthesia. The anesthetizing effect of ether disappeared within 5 min. The interval from the injection of cereulide to the first episode of vomiting (latency) and the number of vomiting episodes for 120 min were recorded. A ED,, value was defined as the dose of cereulide which caused emesis in approximately 50% of the challenged animals.
Antiemetic treatment
An abdominal vagotomy was achieved under ether anesthesia. The ventral vagi attached to the esophagus just below the diaphragm was isolated and sectioned. The S-HT, receptor antagonist, ondansetron hydrochloride (Glaxo, Tokyo, Japan) was injected to the animal 30 min prior to the emetic stimuli.
Electron microscopy
Morphological changes of HEp-2 cells were examined with a JEM-100cx II electron microscope (JEOL LTD, Tokyo, Japan) as described by Sakurai et al. [8] 3. Results and discussion
The emetic effect of cereulide in Suncus murinus is summarized in Table 1 . Emesis in suncus was induced by both oral administration and intraperitoneal injection of cereulide. The ED,, values of cereulide required for induction of emesis in suncus were calculated as 12.9 pg kg-' by oral administration and 9.8 pg kg-' by intraperitoneal injection. The average frequency of vomiting was 6 times and these episodes occurred in a few minutes. No animals died during the observation period. There was an apparent dose-dependent difference in the latency to the first vomiting after the administration of cereulide. Previously, we found that cereulide structurally resembles antibiotic valinomycin. Therefore valinomycin was also expected to have similar biological activities. As Table 1 shows, valinomycin caused emesis in suncus, but, at much higher doses. Values for the number of vomiting episodes and the latency per vomited animal are mean+S.D., but actual values are indicated when the number of vomiting animals was less than three; -, No suncus vomited at these doses.
Moreover, valinomycin caused vacuoles in HEp-2 cells at similar doses (data not shown). The difference in biologically active doses of cereulide and valinomycin may be explained as the minor differences in chemical structures and therefore affinity to the receptor(s) of the cell surface. a Ondansetron was injected 30 min prior to the oral administration of 50 pg kg-' cereulide. Several serotonin 5-HT, receptor antagonists have been reported to inhibit emesis induced by cancer chemotherapeutic agents [9, 10] and therefore a 5-HT, receptor-mediated mechanism was involved in the emesis caused by these agents. We found that a 5-HT, receptor antagonist Ondansetron hydrochloride completely abolished this emetic effect of cereulide (Table 2) . Vagotomy also abolished this vomiting. These findings suggest that cereulide causes emesis through the 5-HT, receptor and stimulation of the vagus afferent.
Sakurai et al. preformed an electron microscopic study of vacuoles of HEp-2 cells caused by the crude extract of the rice culture filtrate of an emetic-type B. cereus strain [8] . They found that these vacuoles observed in a light microscope were swollen mitochondria. Fig. 1 shows that our purified cereulide also caused swelling of the mitochondria of HEp-2 cells.
The activities of both vacuole-formation and emesis effect were never lost by heating for 30 min at 121°C. The molecular mass which was calculated from the defined chemical structure in our previous paper [4] and this heat-stable character of cereulide are similar to the natures described by others for the emetic toxin of B. cereus [11, 12] 
